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= (54) Title: METHOD OF CROSSING FLOWER COLOR GENOTYPES 
== (54) m2<D1£&&&M&m}£ 

^ SLt>f H : 11 iS in f tended IO darify her6dity ° f bios y" thesis of flower pigments and the relationship between flower color 
^ heredities and pigment genotypes, thereby providing a method of crossing flower color genotypes which is pmctTcX arable in 
!?f. 3 n v° Vel flowercolor - There is fou "° outa novel rule that flower color genotypes relate to the bTsynfteSf fl^L^I^ 
£ sentedbythepathway(I)andthehe re ditiesofflavonoid3- -hydrox yl ase (F3 ? H) and flavonoid 3 ,5 -^^oxytee (F3 5 H) 

5=7 use ot genotypes D/d E/e H^P-Pg/pg-Cy/cyDp/dp by which flower colors can be freely created based on flower oiement aenotvne* 
g wrthout resort to gene recombination or mutation caused by exposure to radiation, etc P 8 ^notypes 
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mmm 

mW^^J, iT*£t>%^ W.^W&i (angiosperms) <Dj£k^ jfrfc^TF^ 

tc#><D%m\Z.m-rZ>'b<DX«foZ) 0 (sexual hybrid 

10 i z a t i o n) (D^m^^U (breeding) K^^xm^fhtzMm 
■*%:<D-n*m^Z>jj&X--&Z> 0 £fc x mmmm (new plants) tfc 
te^tlb&nZfcZXDjjmX&^X, W^-mm (angiosperms) fjtb* 
(Dtt^m (flowering plants), (flowers) \C 

15 

TV b->T=-lsM (anthocyanins) «7^^V^ (f 
1 a v o n o i d s ) <D— mxfr V , «J<D?£, ^H, 3gft£laS< fiC&U ^ 
m. #^if©M-fetcM#i-5-fe^@a^#: (p i gme n t glycoside 
20 s) XhZ> 0 TlshisT — l/m (anthocyanins) ^mMX^Tk^m 
(hydrolys i s) $f£& ( sugars) iT^!) 3 Vpft ( a g 

1 y c o n e) T 4 fe57y ^>7^> (anthocyanidin) Kl^^ 

(##fF^mi, n±m^'^m<Dmi&t4t^ mimm, 1 984^ 

9M : 1 70-1 72), 
25 79tfy—sl'^Mi$ (flavonol glycosides) Sf^^^Tjf 
S 4 Kflfr^Mfo (flavonoids) (D—MXh X) . ^H(0^ 

pigment glycosi 
d e s) -T?fc£ 0 :79#y— A*«N*8I (flavonol glycosid 
e s ) *mmxM*.$m (hydroly S is)t5^tt(sugars) 
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tT^V^^U (a g 1 y c o n e) ^575^/^ (f 1 a v on o 1) 

8 4*£9M : 1 5 5- 1 8 5) e 

Tlshi/T-i?^ (anthocyanidin) mtZ. 1»£>:fete:*5^-C s 
7 ^/>(f 1 a v a n on e) T?fc5^y ( n a r i n g e n i n) 

*mm3'ftkVT£&&.£tlZo fiPfc, *f77^^ K3* -t Kn^>7- 
if(flavonoid 3' -hydroxylase, F3' , 5' Hf=fc 
ttFS* H) ©^fc±577/VVtft (flavanone skelet 
on) ©Bi (B-r i n g) (hydroxyl group) ^ 

.{Cl^-a-Lfc^y 4 ;V (e r i o d i c t y o 1), Mfc2TO 

^Lfc'O'^W Ko^i^77/Vy (pentahydroxyflavan 
one) ^WW:W&ZtlZ>Z.bfttobflX^Z> 0 *fc, m^KXh^^V 
— ^ (n a r i n g e n i n) 77^7^ K3-t Kn^7-f (f 1 a 
vonoid 3 — hydroxylase, F3H) ©ft^SrSttS^fc Kn -7- 
i/^^p— /V (dihydrokaempferol) ^SftR£lfe$jh, x wfttfS 
StiftoT, Ilu77^V^K3' -tKn^7-f (F 3' H) ©flsfflS- 
SW\ B«»C*iiafe»Hfcl«Hf^UfcS?fc Kn^x/Ut^y (d i hy d r o 
q u e r c e t i n), Mfc 2«Bte-LfcS*t Kn^ JJ-fe^ (d i h y d r o 
my r i c e t i n) ^SBfc3Etfe$*L5£ fcas^jh/r^So ^©3ffi<Di^t K 
0 77^7^ (dihydrokaempferol, dihydroque 
rcetin, dihydromyricetin) Kn7 7^7^/l/y 

€ (dihydroflavonol reductase, DFR) 
fc*it^^h5/7=i?W^ (anthocyanidin synth 
a s e, AS) ©flMB«:Stf"C, *Jh^*V< 9 /V (p e 1 a r g o n i 

din, P g n), v^T— i/^ (c y a n i d i n, Cyn), f^7^^> (d 
elphinidin, Dpn) t t &$&hfoX\^ 

^cm2) 0 



h->T^i^^ (anthocyanidin) ®fi, BS&<E>2kIW&3S&fc 
5ifcWIfe^$^5 e -m^-fe^ (flower pig 
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m e n t ) TMb^^flfiS (chemical structure)^, B^tf) 4 ' 
& (4' position) Kl;fcife£flSHBW5fcWtt-^7/l'=*=$^ ( P g 
n) ttWy^~^|:Mt, Bi03' , 4' 

te^T—^V (Cyn) T**fe~W^ML, BSjt?>3' , 4' , 5' {4^tK 
5 i6aE^=iaW5t>©tt7*^7>f (Dpn) «fe~M^IL, £*uk 

1 998^:25-3 2). 
^*b£>tf>fifc, S^OT^S (acylated groups) ©Jg-g-Lfc 
TV hv'T^yi (anthocyanin) -b&Wm&tStl. ^tbb^^ 
10 T^VN^^^^^^bT^^p-t-^n^ i n t e 

rmolecular stacking), {&<D|ffe:7 ? l aJ? / ^ KMB^ (f 
lavonoid glycosides) Stfy W^^to^j/^y^ 
. L-Ofcfe^fl (Wfefc, bluein g)t5^t (^fflaWy Mtffi> 
intermolecular copigmentation), r&JSI^i: 
15 ^tSitiCtoTM^l (Wfe^ blueing) -fS^ (&J|^ 
fcj ^-^TI^fcfRffl, meta 1— complexat ion), <DTf;V 
SCacylated group) ^ftft^-lHX'^? S^^LTTg-fe^fa 
(Wfe^> blueing) -T^ii^ (^f*3=t If ^ hflsffl, i n t r a m 
olecular copigmentation), tWcHM^pH^ 

o t o, T. et a 1 . : An g e w. Chem. Int. Ed. Engl., 
3 0:1 7-3 3, 1 9 9 l) D 

wm«>i&smmi& it &mm*m ( g e n o t 

ype) t VT$lZ-fch<D&&<m&£tlX^Z (#!&¥?3Cffi5, &m W ■ 
25 &<D£M'£ifc^ ftffl^HH, 1 9 9 3^3^: P. 2 1 9 - 2 7 2) 0 ig^, 
7?#;>fKfe#(f lavonoid pigment s) 
M^^^fj^-rvN^^, rtbb{itf-^ (Beale, 1945) <D^5_ 
tz. 1 ^frfS- 1 ?— 1 j^^fft (one gene — one enzyme theor 
y) |c£<5< -b^X-h^o ^(Omt LT, H^-VJ* (Pelargonium 
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x hor t orum) ^#©7yfi/7=^y^ (anthocyani 
din biosynthesis) S?fc Kn -p^Ofr; ^fr? 

— * (DFR) fcj^x^h*^^^*—* (AS) <K>ft****tu?*b 
E / e i*5«t^E 2/ /e 2 i:^|BU Mfe^M (genotype) «r«fcLfc# 
&^ib5 (^#^^6 , /J4fcbt8f5 : W@^3§1&, 48:169-176, 19 
9 8) 0 yy^-cta, ^#^©77^y^ K^Kl#:i/^T©^ 

*ofcfe£©|IMLfc#fc« M^HeurseK J. iHorn, 
W. : Z . Pf lanzenzudi tg, 7 9 : 2 3 824 9, 1977 ) 0 

£fc, ^a=T (Petunia) ©^te, H t 1 b H t 2 © 2 itfc^ (g 
ene) tfS^aV-f K3' -t Kndri/y-f (F 3 ' H) Hf t iHf 2 
©2l^775i?/^K3' , 5' -tKn^>7-f (F3' 5 ' H) 
«HW^5**#i5*lTV^ (^»8,Ho 1 t on, T. A. e t a 1. : 
The Plant Cell, 7:1071-1083, 1995 ) Q 

MIC, ^^7©ltU K3 ' -fcKn^>7-^(F3' H) 

£7:7*WK3' , 5' -tKn^y-f (F 3 ' , 5' H) ©BS|i©7k^ 
^-Mfc^IB&gtfTV^ b<DmM&hZ (^#^^9, Ho 1 t on, 
T. A. et al.:Nature, 366:27 62 79, 1 9 9 3 ) 0 ^ 

(mu 1 t i p 1 e allele) Xl£&l>mffltStlX\,^ £ b tmmX\ ft 

%<Dit&mmmte, ~»B^mbvx\mMx^^^± 0 

tj, Ht 2 «77#^ KB3it©3' ^©7X^b{cM#b, Hf x , Hf 2 te7? 
*W KBgt©5' te©7»fk;fc) m j *-tZ>i^m*:Wbfc\z.\^t^<D(D s -feiffat 
(pigment genotype) b VXmXfc b*<Dmt£l&&fti&fc 
«©*», l,h&mmte*m (pigment genotype) btt& 

<vm.mmMmm&btifj:fr^tc.teb*<Dmm&&hz> (##fps:mio, or 

iesbach, R. J. : J. Heredi t M 87:241-245, 19 
9 6) 0 
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tefiw\ ydtm&mmfcfotiv , -m^m^mj^m^^rr^mm (pigm 

en t s) foWlfc£tlt£frv1tyb&mt£tlZZ klZ.&Q x AW©B 

So L#>U ft, (chr oma) fc^5JBKttfcfiAi&&S*>5fc 

5 V o s s , D. H.:HortSci. N 27:1256-1260, 1992) D 
(flower color) H\ -fe^fh -fe^ff (color 

imeter) la^CIELabtM (CIELab color coo 
rdinate system) Srffi^fcWfcWfcjftS^fci: fcoTt fc c i^|4, 
fe©H«ife (color attribute), -fetB (hue), §H 

10 ft (1 ightness), ^£ (chr oma^fcteb Tightness) 
%H#c5c©&fl:ggKIJ&|SISS (three dimentional glob, a 
1 color char t), o*!), fe4^ttt#ifefcO^ 
O-feM (hue difference) te, PiV&~e&to\L,1t&<D&&3EBlU£fc 
8fc1~5 (^#fF3Cit£ 12, Gonnet, J. F.:Food Chem. , 63 : 

15 409-415, 1998 )„ U^oT, t) $!feLT, Ifefr 

(##?i3afcl 3, Ha sh imo t 
o, F. et a 1. : J. Jpn. Soc. Hort. Sci., 69:428 
-434, 2000 ;^#fF5:mi4, Hashimoto,F. et a 1. : 
20 Biosci. Biotechnol. Biochem. , 66:1652 — 1 
6 5 9, 2 0 0 2) G 

^(om, #M¥5-1 84 3 70f (&Tf x WfF^ORl fcVN5) fc, 77^7 

<< Yim$cmm&& mwxw. i©foooi~ooo 2©$?) ©BBtt^fes. 

#H¥l 0-1 13184* CSTF, #ffS3R2 ^vn5) fcte, 77^V^f K 
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E*S^bS*3t^F (#fF»2 (Dmo o o i ~o o o 8 mm) ©|3<fidSfe5. ry 

^K?©W9UDP-^ a ^ : 77*^ K3, 

*e^Sr»«i-<5i^H:4>5 0 j iVN5SE«^fc« (#Wvfcitt2<E>J&0 0 0 5gfc 
4WF1 1-5 0 9 73 3f (OT, fflffXftS iV>5) fctt, ««ICj3rt« 

Uddin.A. F. M. J. et a 1 . : t h e XXVI t h I n t e 
rnational Horticultural Congress an 
d Exhibition, August 1 11 7:475476, 200 
2) 0 Z.<Dftm&, #®2 OO 30 2 6 5 9 8f (£*T, tfFjCt4 t 

019mm tmm^o n^¥*at<D£Mtt&m-e$>z, 3oor^h 

l/T—^S (anthocyanidin): ^/Uzf^i?^ (p e 1 a r g o 
n i d i n, Pgn), S^T=i?^ (c y a n i d i n N Cyn), f^^^i? 
^(delphinidin.Dpn) ©3tfcfe3M U II(self- po 
1 1 i n a t i o n) Lfcft*, F^Faittft (prog 

e n i e s ) <£>£j^§IM ( p igment phenotyp e)©^S|^fe N 

/-I- K3' -t Kadr^y-f (F 3 ' H) t7 7 ^-f K3' , 5' -t Ko 
€ (F3\5'H) ©#*KJfc*fctt % H\ H F . H D . H°04oo 
^Sat^f (mu 1 t i p 1 e allele) j8S#&U -ft£>#53' &© 
*»fk 5' ffi©*»ffc:, 3' , 5' ft©*!^ 38^3* &i:3' , 5'f 

US 6 0 80 9 20f (KT, WfSntt5iV^5) W (a 1 t e 
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red flower color) &&1tftfa}:*:<Oftm%&<olBtRtfi 
fo%o r^:^^fi x iStte^f-^kW^MQ (transgenic plants) §r 
fmt-SfcfbVvfrgrCfcoT, tt&mm (altered f 1 owe r c o 
1 o r) «rjBr§*StO-C&5o «fc9S£L<tt,»^&£#-.*-^s^(t 
ransgenic carnation plants) ; Srf^ttl-t"'5^"^-efe 

DE 1 9 9 1 8 3 6 5f (^T, ti>W&$k6 t^o) left, 77*^^» 
I (flavone synthase I I x FNS I I) £r=i— 
tfttt (nucleic acid) Sr/B^T^^g (altered f 1 o 
w e r color) S^fc^-gfeSgflMb (transgenic plan 
t s ) <Dtfsffi:^©|B«ttSfcS 0 r^^^V^^m I I ( f 1 a v o n e s 
ynthase II, FNSII) ^Kt5W (nuc 1 e i c ac 
i d) T'fcot, ( i) 1 6 9 7^S@B?lJ (base pair (bp) s 
e q u e n c e) (1) "e*5t>©, ^©$r>t (f r a gme n t s), 

( i i ) SB^IJ (sequence) & (1) H&Ejfe (hybridize) 

*fcf± % %rfob'>t£< th4 0%©*IPH4 (h omo logy) 

Sr^Ti-SfeOT?, ^o, FNS I I JSttSrsfirrS^W** (protein)^ 
VNtt^y^^K (polypeptide) Sra-KU ( i i i) (i) 

( i i ) £3fcfe6*JK:PK? (genetic equivalent) T* 
*>5«fifeoJ, r(5) (I) £fcf* (I a) Sr^trit^F%^n:« (t r a n s g 
enic plants) t'fcot, $ Tfrfe^M (altered f 1 

ower color) £rjgr Lfcat^^fit^i (transgenic p 

i a n t s) (Dftmjjmzm-tZoi k^5&m&$>&) 0 

l^&at'fS^P (mu ltiple allele) H:oV^TJ4 % 
^(D^&&tmW£tlZ!&W&1b<>fc 0 £7t, W'?<DW#$3&&=f- (mu 1 t 
i P 1 e allele) (Dft&ZW bfr\Z.X*%tih<D<D, atfs^tbS^-fe (f 
lower color) £ ©H-tSlCo^T^SBifcWiJfc < > fcBsfrSOUK^ (mu 
ltiple allele) <a#££rf ^T9I :J&fe (f 1 
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ower color) b <£>H#£rfc8)3 b**\otZ>&&& foofc 0 

&>3, E x /e x :fcJ;U?E 2 /e 2 T*^£*Lfcif y^i* (Pelargonium 
5 x hortorum) 7&fe|f<£>3tfc(<:o^-Ck, ^O^IIl:b{C»1^;^^r?) % 

-etfc^(D(D-r-<T^^^Mt?#S^^5^\ CIELa b^-fe^ (C I E 
Lab color coordinate system) & if ^r^V^T^E-fe 
(f 1 owe r color) *rjE*fc»fe • fSrtttfb U i 

15 #3§D3f3\ tt&m±&&(Dm.fc$:Wtbi)>\£U ^tOM^rC IELab^ 
KCIELab color coordinate system) ft £f£r 
JBV^ftfe (flower color) &JEfafciffl^ • &#tfbbfc_b*T\ 
/fe^itte^S! (p i gme nt genotype) £7&fe:t:4S<DKI$ISrlK 

25 SHbKlB8-t"S7 9#/^ K3 ' -fc KP^v'y-^ (F3* H) -^^V-f K 
3' , 5' -tKn^>7-f (F 3' , 5' Hh fc£®aN5K:*iU 
5teo^«l«:1W^fe3l$^ -<5vV=f~^ (Pgnh i/7=i?^ (Cyn), x 
/^-f (Dpn) ©fe#J*»!lBB#t"«S?fc KP75#/- /HJ^*~ t? 
(DFR) ^^t^T^b^T-^"^^— t? (AS) (DiilOifi^^ ^ 
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^Pg/pg, Cy/cy, Dp/dptf)*^ (gene) |C J: o "C«HW S 
*VCV^£ ££#Htr-c, 77^/-f K3' -t (F3' H) 

7*JW F3* x 5' -kKn^7-f (F 3 ' N 5' H) ®tt&#3LO<0* 
^■Sat^ (mu ltiple allele) £oTflJ#|]£;frT^<5 i 

&£Jl*fir.$iI:5;Sfft&;av*fc<T<fe, 1&%<D<&mkm>M (p i gmen t 
genotype) fab : £<Dlb&$:$&KMf&-e% Z> 0 

nthocyanidins) i^^/Vrf^^^ (p g n),i/7^(Cyn), 

io ^>7^^^^ ( D p n) <D$tmz.mn u s m-^&^m^n^ ^mvr^^ 

g n tDp n-fe^M (pigment phenotype) Mov^ P g n 

C y n-fem^# 5 £. £ -vm&rtS - SrjLffl Lfc„ (p r o g e n 

16 i e s) <Dimb*'f=&toM<Dm&, Pgn, Cyn N j8±WDpn&(M)l 
^Ii77*7-f K^fifcfc*j»t«r^b->T— ^fe^^A'-C % Pg/p 
g> Cy/cy.Dp/dpiLt^^l^Kgene loci)^ 

20 7-f (F3' H) t7 7 ^^K3' , 5* -tKo^>7-f (F3' N 5' 
H) OBWBS^fcH:, H\ H F , H D N H\ H°©5o©»I^ (mu 
ltiple allele) J&S#&U -^^^3' ffcZ>3R^ft; x 5' ^OtR 
Ifefb, 3' % 5' &©;?KBMk 3' , 5' flr©*H{k *5J;t*3' &b3' , 5' 

temcD^^-i?^ (Pgnh ^y (Cya), ^7^i?y (Dp 
n) OlWoT, i^lH x H x .Pg/p g-Cy/cy • Dp/d p£ 
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mt>&±mT^hi'T-V>&m<D'<9/l<'=r~i?>' (Pgnh lsT~i?> (C 
yn) % ? )V7 >< ^Jls (Dpn) <Dm&m$\Z.-ffi&\Z.mt>Z> AM, m$mm<D 
5 IfitfcoT, mBl-mD/d -E/e • H X H X • Pg/pg - Cy/cy -D 
p/dp£rffiV\ |lf^^ffl-r§^-fe5t^M^SHfe-e$>-§ 0 ^t^fe^mf- 
M^^^TVh^T^^^-femcO^^^^^^ (Pgnh S^T-v^ (C 
ynh 7^:7^-^ (Dpn) (DjtfcfcloV^ Pgn, Cyn, Dpn-fe 
*©lfe^^tlPg/pg, Cy/c y> Dp/dp^UT^U ^7 
10 K-femHif0#:(OBitW7X^(3:M#i-S^7^V-r K3' -t Kn^> 

7— if (F 3' H) i7 7 *V-f K3' % 5' -t Ka^'>5-* (F 3' , 5' 

h) ©awsi&sRoate^*, h t , h f n h d , h z , H°^5o^^jt^ 

•M^U Pg/p gOStWrtZoSrl^L (PgPg, Pgpg, pgpg 
©*&-£*|B#<Z>rt— o^rMl), Cy/c yO|B^rt~o$ril^L (Cyc 

15 y N Cycy, c y c y Ot^rfBt©^— O^l^Us Dp/dp 0|B-^-<D 
f^-o^rjl^b(DpDp,Dp dp,dp d p ^jfa-a^lE-^Oft— o«l), 
H T X H F , H D N H\ H°(D|a#Ort-oSr^b (H T H T N H T H F . H 
T H D , H T H\ H T H<\ H F H F . H D H F , H Z H F % H°H F N H D H D % H D H\ 
H D H<\ H Z H Z , H Z H<\ H°H°(D|a^:|a#©^-o^^Ux IrtUtt, 

20 jfrfc^M (geno type) D/d • E/e • H X H X • P g/p g • C y/c 
y • Dp/d p^**^*fflV^^6^^5^&ft^aaElfe-C*)5 0 
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(i) 



p 9 n Cyn Dpn 



m<D*mkfcu+zw$&mm-*&t 0 h\ h*\ h d , h z , h o ©5o©i 

*fSc5t^tt, 77ii?y>f K3' -tKP^7-^ (F3' H) ^77^;^ 
K3* , 5' -fc KB*S/?Hf (F3\5'H)(D, -We*L3' &©zkM 
ft, 5' #©*Ifeft, 3' % 5' fiOTK^ft, 3' % 5' &L(DimiK *5it^3' 
fit 3' % 5' #OTkitft«J#t-<5o i©5o©««iai^F.©^^jferi, 
T\ F, D, Z, 0*^fllO*»8fe*et>J:VN 0 Pg/pg, Cy/cy 
^iOTp/dpit Pgn, Cyn, Dp n©4^Wt5i;fc ^077 
— /^y i? (DFRh *>5V^li7y h->7=??y W-H? (AS) 

<D^^,(c:^f3i-t-5st^^^ (gene loci) #**l^;frK:#fr**<5 ~ £ 
D/dHiMO^f, E/ettlHi©^®WSr^i- 0 ) 

^fe^Klil^5^TVh->T^^V^0^7/W'=f--^V (Pgnh 
=^ (Cyn), (Dpn) ©Jtfc&Wll^fcBIibS AMW. 

ISiOtfe-Cfeot, 5t^^S (genotype) D/d • E/e • H X H X • 
Pg/pg'Cy/cy • Dp/dp Srfflv\ ff^^tfcli-sm3t-fe^Sa 
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Olft^tiat^f- (multiple allele) ©JSa^^fe^rSr^^-f5 h 

^m<DW-MM\^ WtiiLmk* (multiple allele) <D®& 
TtKMJfoTZ&^M^iW. (pigment phenotype) &-b^7rrt% 

t5t©t'fcoT, ^^OfBffi^SrfTi U ®^<7>SBffi^-^Ji:-t-5, _h|S 
HllBifcO^StStat^?- (multiple allele) $>1& 
& (flower color) £r^^i-5 t><DT?fc5 0 

^tfW K(flavonoids) Sr&ipfo 
®^ Us i"J&t>*>, K(flavonoids) £rgtrf£# % 

=«tffi*^Sr*i-«iRett4fcP9 (An thophyta) 
(Angiospermae) f9 x SHFfttfeR £ LT^^-^t 
ttffl (Dicotyledoneae), W¥-3&&Q>m (Mo n o c o t y 1 e 
d o n e a e) fcKH-5 0 

M¥$l&tom<D&jfflSM (Symp etalae) <D^thX, mfe&tl 
3t>«rett)fcV\flS x ^3r 3 *g (Campanulatae) 0¥*5pf. 

(Compos i t a eh y 7^ (Styl i d i a c e a eh 

J^f- (Gooden.iaceaeK ^r^r a ££f (Campanul a 

c a e)h B (Cucurbi tales) (^!)^ (Cucui b i t a 
c e a e)K T#^@ (Ru b i a 1 e s) (^yM>isy $1$ (D i p s a c a 
c e a eh ^-^aie/fl. (Valer ianaceaeh TsjjjXjIft (C a 
pr ifol i a c e a eh TJ}*& (Rub i a c e a e )h i (T u 
b i f 1 o r a e) (3f 3^/^=*^. (A c a n t h a c e a e h * ^^fr (L 
entibulariacea eh -f V $ (Gesneriaceaeh 
y; =f^ (Ma r t y n i a c e a eh dT^jpf. (Pedal i a c e a eh 
/ (Bignoniaceaeh rf-^y/N^f-^. (S c r o p 
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hulariaceaeh 7^34 (S o 1 a n a c e a e) x i/yift (Labi 
a t a eh y-^yy^^ (V e r b e n a c e a e h M,^-^-^-^ (B o r a g 
i n a c e a eh ^ V W®t (Hy drophy 1 1 aceae), / 



-fpc (P o 1 e mo n i a c e a eh M;Vj?JrPr (Convolvulace 
5 a e)h *:?±J g (Contortae) C*f ^ (Asclepiad 
a c e a eh =^3 y^-y b y^ (Apocynaceaeh y 1/ YVPt (G e 
ntianaceaeh 7^!>7^ft (L o g a n i a c e a e h 

(Oleaceae)hW y*^y g (Plumbaginales) y^?y 
ft- (Plumbaginaceae)h 1*-y y yy g (P r i mu 1 a 1 e s ) 

10 (t^7y!># (P r i mu 1 a c e a eh t^a|)^ (My r s i n a c 
e a e)h (E r i c a 1 e s ) (7^^ (E r i c a c e a e ) N 4 

^fy^m (Pyrolaceae))^!?!)^ (Diapensiale 
s) {^V^^ (Diapensiaceae)) &mf btl%> 0 

(Archichlamydeae) <Dj£% t b"C s 

15 PS^£*b3k<0-ete&V^ % ^r^^g (My rtif lorae) 

(TX^-fffir (Onagraceaeh ;^^(Me 1 a s t oma t a 
c e a e) N y b^-^ (My r t a c e a r h (Comb r e t a 

c e a eh i^^n^f (Punicaceaeh ^ y^^ (Lythrace 
a eh (E 1 a e g n a c e a eh v^V^a (Th yme 1 a e 

20 a c e a e)h y^^rg (Parietales) (iX^y^ Ky# (Beg 
o n i a c e a eh htr-J (Passifloraceae) s /^l/^=f- 

(C i s t a c e a eh * 5 U# (V i o 1 a c e a e ) „ y^jft (C 
amel 1 iaceae)h g (Ma 1 v a 1 e s ) (T^-Y^ (Ma 1 

v a c a e a eh JftA' b / (Elaeocarpaceae)h y nyy 

25 ^-K^g (Rhamna 1 e s) (y Ry^Sf. (vi t a c e a e ) % y n y pt^E- K 
^r^l- (Rhamnaceae)) N Aynv : g (Sapindales) (yyy 
-^y y^l- (Balsaminaceaeh b*9V (Hippocas ta 
n a c e a eh #^7^ (Aceraceaeh =• S^^fSpJ. (C e 1 a s t r 
a c e a e h ^E-^V (Aqui f ol iaceae), $Zl>i/fft (A n a c 
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ardiaceae)) x 7!>py^| (Geraniales) 

(Euphorb i aceaeh t^^df^ (Polygalaceaeh 
(Rutaceaeh 7"^ft (L i n a c e a e), 7!)ay^ (g 
eraniaceaek (Ox a 1 i d a c e a e)K (R 

5 osales)Ov;*jjSKLeguminosa e)„^7^(R osaceaeK 
■^Vt^^ (Hamame 1 i da c e a e) x h^7^- (Pi ttospor 
a c e a e) % si.*? J i/9?t (SaxifragaceaeK ^V-frvf y Vft (C 
rassulaceae)), ih^-fe=Tg (Sarraceniales) Cfh 
(S a r raceniaceae)^ |)5'^X7^ (N e pent 

10 h a c e a e), * V=f<7"^f (Droseraceae)K ■{r^l (Pap 
a v e r a 1 e s) (T"7?-j-ft (BrassicaseaeK ^7 p 

^•(CapparidaceaeK fr*/pt (Papaveraceae)K ^ 
VtfJ^g (Ranunculales) (^.X/3M4 (LauraceaeK 
^ (Berberidaceae), ^V^^f^ (Ranunculac 

15 e a e) N T^tf^j- (L ardizabalaceaeK (Ny mp 

haeaceaeh ^^Ki^ (Annonaceae), (Ma 
gnoliaceae)K TTJif g (Centrospermae) (^y^n 
^ (Caryophyl 1 a c e a e) N ^TZ^xs y^^^- (Ny c tagina 
c e a e)h ffft (Polygonales) (^7^ (Polygonac 

20 eae)h -f^f-g (Ur t icales) !7# (Moraceae)h 
^r-r^-^-g (My r i c a 1 e s) (^^^ (My r icaceae)) 

r c h i d a 1 e s ) (^^^(- (Orchidaceae)K i/n !7^@ (S c 
25 i t am i n e a) Cfr^"?-^ (Cannaceae), a (Z i n g i 

beraceaeh a 17^ (Mu s a c e a e)K a]J| (Liliif 
1 o r a e) (T^f* (I r i 

daceaeK t3fl/s*-}~fflr (Am a r y 1 1 
i d a c e a e) N sl])^ (Li 1 iacea e)h ^^-^f-g (Comme 1 
i n a 1 e s) ($X7*-fft (Ponteder iaceae), ^a^^jpf (c 
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omme 1 i n a c e a eh ^i~y^A^r (Bromeliaceaehf- 
(Ar a 1 e s) h-J^ft (Ar a c e a e)) &mfbtl% 0 
1£&&fa<DMB¥mim&:~ei-mft (progenies) 1£&<Dftmtefflfc 

5 MtBit<a£>5, E/e x *3j;t^E 2/ /e 2 ^^ttfc^7^^A (P e 1 a r g o 
nium x hortor urn) ^JfOStfefcloV^ 1 ^ Ifef^O^iUtiJcJRIH 
£3^T!h »l:ttSfcft^ofc, 4&Sfc*ttlftK:*3lvm, fl& 

v * 5 ran** *> z>o £ £> at^b/cte^ ^ o^fcfe&sr^-rs a^ini-a r. t 

/\s=x3?*-B $T?}-±7?$tch(D (D-t-<X (Dl£ # \ZMm X~%Z>frH?7!)\ C I EL a 
b^-fe^ (CIELab color coordinate system) 

15 ^CIELab ^&JB^Tte6&:E?fefcjH!Pfe • j»rtgtffc; Vtc±X s ^(D^ 

^M&i^lSt (pigment genotype) t (flower c o 

lor) (Dmm&wbfricu tt%<Dmfc&ftm\tt\,^xmmmi£&mmM&m 

lgment genotype) 
20 mbfrfcX~%Z> c tcbx.lt, Ate=f-m (genotype) D/d • E/e • H 
X H X - Pg/pg-Cy/cy Dp/dpffcoT, P g n. Cyn, Dp n 
(O&M&gM (pigment phenotype) ^'BMVtt^^MBM.^. 

mm*m\ ib^<d^^c i e l a b$t&jfk*m^xiEmz.m& • wmt-t^ 

25 

*MM1r 5 ft * ©ftfto^tl 

anthocyan 

i d i n s) izm-tz>mB^mifmmxh^x, K^-g^fc (b i 
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osynthesis of flavonoids) fcfettSf&Igfc-^^B 
^(Dimm^-^^W^tLmB^ (multiple allele) ^13^ 

5 WS&i&fc^ (m u 1 t i p 1 e a 1 1 e 1 e ) (Dffl L 'n^£&^ H T H F N H T H D N 
H T H z £H°-Oi§£\ BM. (B-r i n g) (DtK^S (hydroxyl g 
roups) 1 ~ 3m^-fZ>^m<DMmik&m (-TV ^*f~^ (n a r i n g 
e n i nK ^ V ^"f P*^^— )V (eriodictyolk ^<>& h Kn=3f- 
i/y 'ys* J \s (pentahydroxyflavanonek i^t Kd-^rV 

10 7x0-;^ (d ihydrokaempfero 1) N S?fc \?a ? =c/i,±^-y (d 
ihydroquercetink S^t Kn > y-fe^V (dihydromy 
ricetin)) £r£j&U H T H T <Z)#^ B Sttf>7j<m&$s l fll t 2m*^~f- 
5M<DHfr^b-a-#» (^-P (na r i n g e n i n, =c})$<fj 

'—/V (eiiodictyol), v>fc K » > 7 * n— )V (d i h y d r o k 

15 aempferolh v^fc Kn^x;i/tf> (dihydroquercet 
in)) Sr^fcU H F H F ©^^ Bgt©;fcm^£ 1 «^5~»>*refb^|& 
02" U l/?f~l/ (n a r i n g e n i nk i^fc Fa^y7xP-;l/ (d i h y 
drokaempferol)) Sr£fifcU H D H F iH D H D ©i#, B^tf>7k®> 
&*Z®^ZZtttofflm&m (^V^t Kn^^'V^ (p e n t a h 

20 ydroxyflavanonek v>fc Ko ^ JJ-fe^-i' (dihydromy 
ricetin)) SrdfefifeU H D H Z % H Z H Z <DW&. B$t<D7m&ifi 3 m*rt~ 
Z>rM<DWim4k&W O^^fc Kn^rV^^V v (pentahydroxy 
f 1 a v a n o n e) v i/tKn^ Di?^^ (dihydromyriceti 
n)) Sr^fife-r*, 35 U:* (anthocyani 

25 n synthase) ^;Ha§P g/p g©S^l (gene loc 
us) <Dtc#>^ ^tttf^M (recessive homozygote) (p 

g p g) *Mi&\sKM&\z.\^ mm\&mt lt, -7-y ( n a r in g 

e n i n) *5«fct*S?fc Kn^y7xP- /V (dihydroka emp f e r o 
1) Mbt^Pgnm^U^o H Z H F ^^ X BgR©7kBfeSS:2~3 
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m#irzmm<DMm4k-&®> (=^V ^rf^ ^ft-;Ke r i o d i c t y o l), 
■^i/^fc ^(pentahydroxyf 1 avanoneK 

i^fc Ko^x/i^fy (dihydroquercet inh i^tKn^i: 
(dihydromyricetin)) Sr^j^f-5 e 

-T^t?*>, H T <D^il^ (allele) 14, t)) ( n a r i n 

g e n i n) frb=^V ? T J (eriodictyol) $t&Kii? 

fc Kn^y7xn- /V (dihydrokaempferol) ^ki^fc Kn^ 
nvHr^V (dihydroquercet in) ^©£fl;4£ftl3Sft (bios 
ynthetic transformation) £ffc|#PU H F ©2t37:aie 
-?-te N ^-^-f ;V (eriodictyol) ti^h^s? fc Kn^ 

>" (pentahydroxyf 1 avanone) jfet^Ci^fc Kt* 
(dihydroquercet in) frjb i^t Kd ^ y ^fis 

(dihydromyricetin) ^<D§E4\&fto$£&:t:Wlft1rZ>o ££oT, 
H F <D^at^^F«. Jr'rj (eriodictyol) 
fc Kn^x/Hrfy (dihydroquercet in) <Dfflmt\&tot>*ff&. 

is (nar ingenin) ^b^^^fc Kn^ri'^'V ^ (p e n t a h y 
droxyf 1 avanone) MWdv'fc Kn^y7xo-;l/ (d i h y d r 
okaempferol) #>£>^fc Kd ^ y ±^1/ (d ihydromyr i c 
e t i n) ~*<D*kfc^&)m$k&®m'fZ>fts ^(DM&Mte^^ 2aRSr5fe£fcX 
>^fc Ko^7 7/Vy (pentahydroxyf lavanone) * 
fctee?fc Ko 5 y-fe^V (d i h y d r omy r i c e t i n) £ £ 

H z ©*f:£5t^te, 7"y (n a r i n g e n i 

n) ^fc^^t Ko^77/VV (pentahydroxyflavan 
o n e)t^^t Ko^7xP-;^(d ihydrokaempferol) 
^b^t Kn 5: y-fe^-^ (dihydromyricetin) ^.©^b^Wag 

(eriodictyol) jSXXfs i^fc Ko^x/Vtfy (d i h y d r o q 
u e r c e t in) ^SEifeU MfcZtlb&^ls? fc Kn^r^7 7/Vy (p e 
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ntahydroxyf 1 avanone) *5cfct>\ >>fc Kct ^ V±^^ (d i 
hydromyricetin) ^3E|fe-f5 £ b ^#f§CT*fc3 0 «ot, H P (D 

M&m.m*btt&mA;t£w&, tprnft-zhz^y ( e r i 0 

d i c t y o 1) *5J;TX $?fc Kn^rc/H-r^V (dihydroquerce 

5 tin) *mm.t isxmfrth, u z H F <Dm.m^mx^ ^mt ttBi^i 
*2~3mm-rz>mm<Dmmfc'a-m (^y^^^— /v (e r { 0 d 4 c t 

y o lh Kn^77/V^ (pentahydroxyflava 

none), i?fc Ko^x/V-fefi/ (dihydroquercet in), 
Kn $ y-fc^ (dihydromyrice'tin)) ££/&1-£ 0 

10 tot, H D H D M, H D H P SL H D H Z SL H Z H F M, H Z H Z M©#^ Pg 
/ P g^iSttSS (dominant genotype) (Pg Pglfcftp g 
P g) t'$)oTt, Pgntt£fife£*LfcV\, H°<D*J"3fcjt^ (allele) 
ft, "MJ l/>f=.ls (n a r i n g e n i n) ;&*£>^ y frfj ?*rj /V ( e r 
i o d i c t y o 1) b^O^M Kb^7W^ (pentahydrox 

15 yflavanone) fWc^t Kn^y7xP-/l/ (dihydrokae 
mp h e r o 1) a>£>S?t: Kn^x;wtfy (dihydroquercet i 
n) bi?K Kp ^ y-fe^^ (dihydromyricetin) ^(D^:T<D^ 

*3SMIC*5V>T, K^a^g (p i gme n 

20 t g e n o t y p e) fCO^T, H T H F P g-Cy CyDpDp, H T H D P g 
-CyCyDpDp, H T H Z P g - C y C y D p D p b H°- P g - C y C y D 
pDpcDit^M (genotype) TPgnCynDpni (PgnCyn 
Dpn-phenotype) Sr#5r b&X*%Z> 0 H T H T P g -C y C y D p 
DpfPgnCynl (PgnCyn-pheno type) ^i^S^ 
25 5 0 H T H F pgpgCyCyDpDp, H T H D pgpgCyCyDpDp, H T 
H z pgpgCyCyDpDp b¥L°-p g p gCy CyDpDpfCy nDp 
n (CynDpn-phenotype) £ b&X*%%> 0 H F H F P g — 

CyCyDpDptPgl(Pgn-pheno type) SrftS £ 
H T H T p gpgCyCyDpDpfCynl (Cyn-pheno type) | 
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#5iiaS"Ct5 0 H D H F CyCyDpDp, H°H Z CyCyDpDp 

b H D H D Cy CyDpDptrDp ni(Dpn-pheno type) 

Z>Z.t&-V%Z>„ H F H F p gp gCyCyDpDp-Cfi^SiimS, 
&fc, D p alC^ii^S (pigment phenotype) ^ 
5 ;Wb7ybi/7 = i?y (methylated anthocyanidin 
s) •Vfo^/vyj*?^ (malvidin, Mv) b^^-i?^ (p e t u 
n i d i n, P t) Sr^tfo C y nQtD&^m^tMiai:* f-MCTV h is 

T~i»'V*>&'<*-~i?>' (peonidin, Pn) Sr^tf, ^^T? 

Tls Y^T—Vls (anthocyanidin) Sr^<^*)fcV^©C. 

10 kZHtto ft*5, *»Wt?'H:, PgnDpnIft#^\ £fc, fc* 
|B£*LTV^<Dte, *r<D— offlTfc*|B**Lfc3te^F (gene an d/o r 
allele) MSttlft^gB^TV^ i £ V^^itlH^ (gen 

e and/or allele) •e^5^im5ri%t!lct5 0 I 
{d*fc> " " k&m$1nX\t*Z<D^ Wf*b©»fc^ (gene and/ 

15 or allele) t)^5ii^T?t5it«rt!*t5 0 

#»WK:*SVvC^ WZ.1*s h/l'a^BVItfrOl&mmmL (pigment 
pheno type) MoVvC, PgnCynDp nW. (PgnCynDpn — 
phenotype) "e % |8&£, ^"fe, $5fcf8*fe, f^^-feO^BSr#S 

- £ So PgnCynl(PgnCyn-pheno type)t\ 

20 gfcgfcfe, tf^fe©^Sr#5Jli^-C#5 0 CynDpnl (CynD 

pn-phenotype) T\ *S8^ W^©^Sr#S £ b 

&X%Z> 0 Pgnl (Pgn-phenotype) T\ ffcfe, 
•fe, A-fe, 6fe0M#§ii^tt5„ Cynl (Cyn-p 

henotype) T\ &fc&<Dl&%'&%^ b&X% 

25 § 0 Dp nl (Dpn-phenotype) T?, 5H6Sr#Si fcjSS-e#5 0 N 
one! (H F H F pgpgCyCyDpDp (Dtitfttm* H F H F pgpgCyC 
yDpDp genotype) X*&1&$r%Z> £ t #S*T*£ £ o 

*38KfcS3VNT N Witt*, M^- (sweet pea, Lathyr 

us odoratus) }£#tf)-fegf it-fs^M (pigment genoty 
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p e) Mol^T, H T H T P g-Cy CyDpDptP gnCyni (PgnCy 
n-pheno type) 2r#5 £ t &X'% 3 0 H T H F pgpgCyCyDpD 
p \ H T H D pgpgCyCyDpDp£ H°- pgpgCyCyDpDpT'Cy 
nDpn^ (CynDpn-pheno type) £ 1 ^7?$ £ 0 H t H t 

5 P g P g CyCyDpDptCynl (Cyn-pheno type) $r#^n 

t # S T?# 5oH D H F C yCyDpDpi H D H D CyCyDpDpT'Dp 

ni (Dpn-phenotype) <gr#5 ^ £: ^T»£ 5 Q H F H F p g pgCy 
CyDpDpT'6im-^m5 0 T^J T^h->T-i? 

V&<£< £-*fcV^©£. £ Srm-To &*5 N ^WCf*, PgnDpnl (Pgn 

10 Dpn-phenotype) £fc N "-" £^|E£*LTVn5<£> 

te, ^:tf>— offr^lS^tLfcat^ (gene and/ or allele) 
fc#ttlft^ia£;ftTV^;i££;^U VN-ffrLOj*^ (gene and/o 

r allele) -e^ffiV^ £ t &X*% 5 ^ t *mM1tZ> 0 JSfc^fc, " " 

tmm£thX^Z>(D^ V>-ftb(D3t^ (g e n e and/or allel 

15 e) hm^ZZ b&-V%5Z.b%m®i~tZo 

D p nS (Dpn-phenotype) (D&m&^M (pigment p 
henotype) fcfe* ^MtT > h x/T—V'l/ (methylated a 
nthocyanidin) T*fc5v;l/^v?y (malvidin, Mv) t 
y<f-^=.^J-y. (petunidin, Pt) Sr^t?^ ittkte, VN-f^^Dp 

20 nl (Dpn-phenotype) Ofilt® (p i gment phen 
o t y p e ) {C&^£tb3 0 Hfc> C y nl (Cyn-pheno type) (D 
feM^BSk (pigment phenotype) \Z.\&* *f- M\ZT Is hi/T~ 
v 5 ^ (methylated anthocyanidin) X-foZ^^-^-i?^ 
(peonidin, Pn) £r-gtf/5S N rtt(*Cy nl (Cyn — phenot 

25 y P e) <7)-fe^^^,M (pigment phenotype) (C^^tlSo 

*^{-*3vnt, ^x.f^ N yyi?&&xF^^?^?ftfr<D&mm&*m (p i 

gment genotype) (C-oV^T^ H T H T p gp gCyCyDpDpt 
Cynl (Cyn-phenotype) ?r#5itm5o H T H F p g p g 
CyCyDpDp, H T H° pgpgCyCyDpDp, H°H° pgpgCyCy 
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Dp Dp, T'CynDpni (CynDpn-pheno type) £r#5££ 
as-T?#5„ H F H F p g p gCyCyDpDpT^#5ii:m5o 

•Cf^ PgnDpni (PgnDpn — pheno type) te^kfr&V^ y 
5 y^-fe&OfeMMfc^^L (pigment genotype) (DWSkk tt, 
P g n&m (Pgn-pheno type) (biosynthes i 

s) fci4t5i?t Ko77^-/vy^^f (DFR), .fcsmrvh 
i/7^i?^y^-f (AS) (D^mm-r^mm-m (gene locus) 
^^^(D^-^S (recessive homozygote) (pgpg) \C 

10 Pgnfei (Pgn pigment) ^$ti^V\ 

Dp nl (Dp n-p h e n o t y p e) Ofepff^JSHJ (p i gme n t p 
he no type) ^fi^^/WbTX h v-T—v^ (me t hy 1 a t e d a 
nthocyanidin) -?h%^/U?fj (malvidin, Mv) t 
-<J-=l=.x?^ (petunidin, Pt) ^frtf, ^tlbfe, ^^TtlhDp 

15 nS (Dpn-phenotype) (p i g men t phen 

0 t y p e) l^t^tlSo Mfc, Cynl (Cyn-phenotype) (D 
-fe^^^M (pigment phenotype) ^MtTl^ V =- 

(methylated anthocyanidin) -efoS^^^v^ 
(peonidin, Pn) Sr^tf^ ^ifeliCyn® (Cyn-pheno 
20 type)(Dfe|SaS(pig m ent pheno t yp e)fc^$tiS 0 

acetic acid solution), 
£fcte 5 0 %m-Wt* 9 7 -/V (methanolic-acetic aci 
d) ^m^XTl/Yi/T-ls (anthocyanin) &ttfcti (e x t r a c 
25 t ) U (Bffiltf>8U£ (concentra t i on)»10~50 %Xh RTfE"^ 
W&t<Dftt>V\ZO. 5~2m.mm.Wl (normal hydrochloric 
acid solution) SrJflVTfc&VNK ^tl/^^JB*^l?bT N T 
b */T~Vl/ (anthocyanidin) Sr^ipAPTK^fi?^ (hydro 

1 y s a t e) SrffiM^^ n ^? f ^ (High Performan 
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ce Liquid Ch r oma t o g r a p h HPLC) ^ifSrl^T 
&mTl/bi<'7~i?>$:ftVfirZ> 0 3$jg (self-pollination) 
^tm&mVfelsTmhtlfz.&ft (progenies) Oal^M (g e n o 

type) fco^t, -Stt^M (dominant homozygote), 
5 'dtt-'^- ciM (dominant heterozygote), ^'[4*^3^ ( r 

ecessive homozygote) £r$:}£b, ^^-fe^-^r^stfK^M (p 

igment genotype) J; «9 ffi* fe^Sr g & a&fc:ffti}-f5 ^ t <D 

io mmm 

liOl&U *t#^, (test tube) ffcTO. 5~2&gmSti$& 

«(0. 5~2N HCl)^^©Ml(acidic solution) 
Tyb^T^yfei (anthocyanins) SrJifcfcJ (extra. 

in, et a 1 . : J. Jpn. 
20 Soc. Hort. Sci., 71:40-47, 2002 ;Wa n g, e t a 
1 . : J . Plant Res., 114:213-221, 2001; 
Kj6»5£ : B¥$t, 68:138-145, 1999) £fflVNfc 0 ttffl^^B^ 
tttifi (cotton filtration)!, titift (filtrate) I: 
OVNT 9 5 ~ 1 0 O^MUJP?)^? (hydrolysis) StfrV\ 1 ~ 
25 6@<DTVh^T-^^^tf^^#fCo *P7K^?fi, JCmiH^^ (Ud 
din, et a 1. : J. Jpn. Soc. Hort. Sci., 71 : 40- 
4 7, 20 02) «:JBl\fc: 0 ^J&^, (reaction mixture) 

^7 1/7 J /Is?*- (membrane filter) X*WM&,W3&(f 
i 1 t r a t e) to^THP L Cgf }C-C^lrLfc 0 HPLC(DM^#*5i 
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Tfi&mmt\±. xm$m<D*m cua a i n , e t a 1 . .• j. j P n . s o 

c. Hort. S c i. N 71:40-4 7, 200 2) Sr^V^ 
HPLC^nvhft^h (chromatographic chart) 
zm(DT^Yi/T^> (a n t h o c y a n i a i n), ^ 

(p e 1 a r g o n i a i n N P g n), Z/T~i?> (cy an i d i Cy 
n), ^7 (delphinidin, Dpn), 1WC3I©^^ 
fcTlshfT-i?^ -ffcfc-fe, (peonidin, Pn), 

a^i^v (p e t un i a i n, P t )& £1)^/1^ -< v?^ (ma 1 v i a i n, 
10 Mv) (D^t°-^®a (peak area) MO 0%t bfc 0 

tf-^&T^h^T-S^fcoV^ *©te©6*JH5^S! (P i gme n t 
geno type) ^r^r^bfc 0 

15 #fc^<HU|&U -fe^tf (colorimeter) £^T?Efe£aj^Ufc 0 
C I EL a b«6*Sr^V\ aO^#*5«fO«?l|^g« % ZfcgfclBifctf) 
(Wang.et al.:J. Plant Res., 114:33-43, 
2 0 0 1) 3rJBV>fc 0 

h/kn^drg r> (i isianthus ;EustomaI) (U ^ K^Spk 
20 Gentianaceae) sfrUy h (Royal Viole 

t) (CynDpn6iISI, CynDpn-phenotype), 5 
n-X (Micky Rose) (P g n C y n D p nfe^S, PgnCy 
nDpn-phenotype), OT, fetW (Asuka no K 
urenai)(PgnC ynfet^ll, PgnCyn-pheno type) 
25 (Fxittft, F,- generation) «r/Bl^T\ g«(self- 

pollination) fcX&S ^-generation) <D&M 

SrW^ ^(Om^mi (Table 1) l^LfCo mtz.mm.fc, uj^/Vs* 
h (Royal Violet) (C y n D p nfef^gS, CynD 
pn-phenotype), >y^-P-X(Micky Rose) (P g n 
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CynDp n^i^I, PgnCynDpn-pheno type). 
&>~tfr(D%L (A s u k a no Ku r e n a i ) (PgnCy nfei^il, 
PgnCyn-pheno type) (7)3p B qi (Filttft, Fj-generat 
i o n) SrJBl^T, 2a n o®WOIE^^I (cross-pollination) 
fciSFiUfcf^ (F x -gene rati on) O^HBSrW^ -t©3»*«r*2 

— n— X (PgnCynDpnfellil), *5<£T^ fc^CD&E (PgnCy 
nfe**gSD O x ^Afc^M (pigment genotype) Sr^jg 

Si 



(4M*tt) *P<0.05 



$7t"D-r (ddeeH T H F PgpgCyCyDpDpfe^at^l?) (F x ) OOgfltfc <k£«flU <&fH30«fc 

PgnCynDpn 62 ddeeH T H F Pg- CyCyDpDp 6 11.887 0.036 

PgnCyn 28 ddeeH T H T Pg- CyCyDpDp 3 

CynDpn 15 ddeeH T H F pgpgCyCyDpDp 2 

Pgn 19 ddeeH^Pg- CyCyDpDp 3 

Cyn 3 ddeeH T H T pgpgCyCyDpDp 1 

none 3 ddeeH F H F pgpgCyCyDpDp 1 

DWA^bKddeeHOHDpgpgCyCyDpDpfe^ei/WCF!) CDS £fH83®# 

CynDpn 138 ddeeH°-pgpgCyCyDpDp 3 0.164* 0.898 

Dpn 45 ddeeH D H D pgpgCyCyDpDp 1 

fe-r^<D«t(ddeeH T H T PgPgCyCyD P Dp^^ae^)) (F x ) <©e«fc«k**H(BU £fH42flfle 

PgnCyn 142 ddeeH T H T PgPgCyCyDpDp 1 1.000 



# A m|S («IJ26) 



10 



15 
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m2 



©fe&SSiS! felgJte^S! tfMBJfc) *p<0.05 

5*-D-r (ddeeHTHPpgpgCyCyDpDp) iDttWT {*hKddeeH 0 H D pgpgCyCyDpDp)6DjEig3?$6, Ml60fl# 

PgnCynDpn 52 ddeeH°-Pg- CyCyDpDp £ 3 1-842 * 0398 

ddeeH T H D Pg- CyCyDpDp 

CynDpn 63 ddeeH 0 -pgpgCyCyDpDp £ 3 

ddeeH T H D pgpgCyCyDpDp 

Dpn 45 ddeeH D H F - CyCyDpDp 2 

DmAWtt?KddeeH°HDpgpgCyCyDpDp)£fcT^ IM37<1#: 

PgnCynDpn 137 ddeeH°H T PgpgCyCyDpDpi: 1 L000 

ddeeH D H T PgpgCyCyDpDp 

*^^©ffi(ddeeHTH T PgPgCyCyDpDp)t5 9 ^D-V(ddeeH T HFpgpgCyCyDpDp)©IEiS32$l. fh208<@# 
PgnCynDpn 103 ddeeH T H F Pg- CyCyDpDp 1 0 .019* 0890 
PgnCyn 105 ddeeH T H T Pg- CyCyDpDp 1 



$L11SJ:T&L2t>*t>* nj-Y/WlsfjrVy h (Royal Violet) ft 
d d e e H°H D p g p gCyCyDpDpO^il^Kp i gme n t g 
e n o type) V) , 5; ^w-^w-X (Micky Rose) liddee 
HWPgpgCyCyDpDp^l^Kp igment genot 
ype)Tfe0, fet« (Asuka no Kurenai) fiddee 
H T H T PgPgCyCyDpDp©fiii^i(p igment genot 
ype) -efc<5£ kffifrfaZo TE-feteu P-^-y/w^^-w^ ffi^-fe, 5; 
-y*-V—Xl*fcm&. hir^<omt±^-Vhoft 0 1 * n o n e £j{f 

^.mSL (none-pigment phenotype) te, &l£&7jk~f- 0 

f/Va^a ^(lisianthus) <Di£ 3 fc^-p S jUfcft (S^g e n 
e r a t i o n) Sr^fct LT % ^tvk£g?g (self-pollinati 

0 n) U #JttUc:S 2 1frft (S 2 -g e ne r a t i o n) Srli^ ( 1 

1 n e s ) (D&mAfc^M (pigment genotype) $r^bfc 0 
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^3 



10 



&m&mm (&m&) *p<o.o5 

G2D3B27E(ddeeH T H F pgpgCyCyDpDp)mJ^ (F 2 ) <0&m\Z&Z>&R<Dftffi 

CynDpn 22 ddeeH T H F pgpgCyCyDpDp 2 1.811* 0.404 
Cyn 9 ddeeH T H T pgpgCyCyDpDp 1 
none 6 ddeeH F H F pgpgCyCyDpDp 1 

G2D3B29A (ddeeH F H F PgpgCyCyDpDp)^j^ (Fg&cktfFg) <D@^lCcfc5gttGD#B| 

Pgn 24 ddeeH F H F Pg- CyCyDpDp 3 0.771* 0.380 
none 11 ddeeH F H F pgpgCyCyDpDp 1 

G2D3B25F(ddeeH F H F PgPgCyCyDpDp)^ (F^cfctfFg) <D&m\Z&Z>&ft<D#ffi 

F gn 76 ddeeH F H F PgPgCyCyDpDp 1 - 1.000 

G2D3B27Y(ddeeH T H T pgpgCyCyDpDp)^gE (Fg) <D&m\Z&Z&ft<Dftffi 

Cyn 12 ddeeH T H T pgpgCyCyDpDp 1 - 1.000 

G2D3B26B (ddeH F H F pgpgeCyCyDpDp)^ (F^cktfFg) <D&mz<kZ>'&tt<OftB 

none 31 ddeeH F H F pgpgCyCyDpDp 1 - 1.000 

J5A2H16B (ddeeH°H°pgpgCyCyDpDp)&&5 <F 2 &&ZfF z ) <D&m\Z&Z>mX<Z>ftM 

CynDpn 22 ddeeH°H°pgpgCyCyDpDp 1 - 1.000 

J5A2H13CE(ddeeH°H r> pgpgCyCyDpDp)^^ (F^cktXFg) <Z>&m\Z&Z>'&ft<Dftm 

CynDpn 39 ddeeH°-pgpgCyCyDpDp 3 0.491* 0.484 
Dpn 16 ddeeH D H D pgpgCyCyDpDp 1 

J5A2H110ClA(ddeeH D H D pgpgCyCyDpDp)^a (Fg&JctXFg) <D&m\Z&Z)&ft<Dftm 

Dpn 24 ddeeH D H D pgpgCyCyDpDp 1 - 1.000 

WlC3BlllY(ddeeH T H T PgPgCyCyDpDp)^a (Fg&JcU^) 0igt: &Z>&ft<DttM 

PgnCyn 56 ddeeH T H T PgPgCyCyDpDp 1 - 1.000 



m3frbftfr%i:yte, d d e eH F H F PgPgCyCyDpDpfeiI^ 
M (p igment genotype) ^^Pg n-fe^ (Pgn-p i gme 
n t ) W£^i~3^i^lM(p igment phenotype)£ Ut, 
G2D3B25F*« (1 ine) ^&fe N * y Sfcttl'J'* 

-feO?£) <gr#fc 0 d d e e H T H T p g p gCyCyDpDpMife-fl (p i 
gment genotype) HCynfel (Cyn-p i gmen t) O 
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10 



^•^r^T -f5-feSf^9iM (pigment phenotype) i: LT, G 2 D 
3B2 7Ymfc (1 ine) &fc\% fcT^feoTE) $r#fc 0 ddee 

H F H F pgpgCyCyDpDp^it^I(p igment genoty 
p e) frb&m*£L<^\,t£^XL on el (none -phenotype) b 
UT, G2D3B26B^ (fi^) d d e e H°H°p g p g C y C y 

D p D p "fe^fStfc^M (p igment genotype) C y n D p n 
6l(CynDpn-p i gme n t) %m~tZ>-&m$mW.(p i gme n t p 
heno t yp e) t L"C\ J 5A2H1 6B^ (^#,0?E) &#fc 0 dd 
e eH D H D pgpgCyCyDpDpfeii^I( p igment geno 
type) ^bDpnfel (Dpn-pigment) cD^tr^Tf 5&5?f^!§J 
(pigment phenotype) £ LT, J5A2H1 10C1 A^$fc 
(^©ft) £#fc 0 ddee H T H T PgPgCyCyDpDp £m»fH^M ( p 
igment genotype) ^?>P g n C y n-feijf (PgnCyn-p i 
g m e n t ) ^r^ff^-fe^^^^ (pigment phenotype) t b 
W1C3B 1 1 lY^i (1 ine) (3^©^) &2»fc 0 Vvf 
*L*>*fiS$ (pure line) (flH4*fcW:3&i4©tfj*gO "CfeSri^ 
S„ 

&Bfc094 

P g nl (Pgn-phenotype) T^S-fetf)^ (G 2 D 3 B 2 5 
20 ^ (1 ine), dde eH^PgPgCyCyDpDpfill^I (p i 
gment genotype)) iCyni (Cyn-phenotype) 
-t?*e&©76 (G2D3B27Y^i (1 ine), d d e e H T H T p g p g C 
yCyDpDpfeilfefS (p i gme n t genotype)) SrjEig& 
$t(cross-pol 1 inat ion) LfrbZ-Z, Pg nCynDpnl 
(PgnCynDpn-pheno type) <Dfcm&(Dl£ (ddee H T H F 
P g PgCyCyDpDpfegi^I (pigment genotype)) 
3 s #5>*Wc 0 -fe^fr^HJ (p i gment-genotype) SrS^Lfc^ 

ftwxme ubmm ■ ^m^mm, 48:i69-i76, 1998) <D^m 

P gnCyni (PgnCyn-pheno type) <OW^%hfl^>k 



15 



25 
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fB^£*VC&«9, PgnCynDpnl (PgnCynDpn-pheno ty 

PgnCy (PgnCyn — pheno type) "e^-feGOTE (W1C3 
B 1 1 lY^aS (line), d d e e H T H T P g P gCyCyDpDpfeit 
fc^M (pigment genotype)) t (noneM (none 
— pheno type), ddee H F H F pgpgCyCyDpDp feSKfr&T 1 

5 (pigment genotype)) ^rE^^SH (cross-poll 
i n a t i o n) bTct r5> PgnCynDp nl (PgnCynDpn — p 
h e n o t y p e ) (Dmm^(D^mbtbfz. 0 (pigment- 
genotype) fc^Lfc^MHfcfclRe (*mi& ' im%%m, 48:1 

6 9-176, 1998) (DlffeX^ PgnCynl (PgnCyn-phe 
n o t y p e) <Dl&&'&t>tlZ> tfflMtZtlTfo 9 , P gnCynDpni (P g 
nCynDpn-pheno type) <D^m&(Dl&&frM Ufc £ t \imm&¥[ 

h/U=i3?*a ^(lisianthus) <D$M (cul t ivar), -7*7 
^F/V^JrWY (Bridal Violet) (fflttfc Y x 7m (F x 1 
ine)) (self-pollination) U ^(Dft&ftM&W 

fe^SMS^S?} (pigment genotype) t (flower c 
o 1 o r a t i o n) Sr&^Ufco ^$cF 3 I 1 A 2 D 1 DliiftcHt^f (D 
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3t4 



*«* affitt &£3tfi?£l 

Pg (%) Cy (%) Dp (%) L* C* h 



F3I1A2D1 (F x ) Oi® (xM&tffi, 1.322; 0.723) 

F3I1A2D1A 35 - 5.8 94.2 ddEEH z H F Pg - CyCyDpDp 35.5 53.2 -28.1 

F3I1A2D1B 15 - - 100 ddEEH z H z Pg - CyCyDpDp 34.4 53.3 -28.3 

F3I1A2D1C 9 100 - - ddEEH F H F Pg - CyCyDpDp 74.6 18.3 13.7 

F3I1A2D1D 3 - - - ddEEH F H F pgp g CyCyDpDp 82.7 9.3 91.7 



5 a 

5 h/^=«^#3 ^(lisianthus) (DG 4 I5A3I1F4 (CynD 
p n QM^^M (CynDpn — phenot yp e) N fc$*&<D~fe) % A 1 3 B 
IB 3 I 4 (PgnCynfe^Ili (PgnCyn-phenotypeK 
fc&com, G2D3B2I5C33 (PgnCy n^m^M (PgnCyn 
-pheno type), ffcfeGtfEK G2D3B2I5C3A (Cy n-feSf^l 
10 l(Cyn-phenotype), afcfeOfth I5A21I3F12 (Dpn 
■fe^^lijJ (Dp n — p h e n o t y p e) N ^ffc-feOTEh G2D3B2 I 5C 
3 6 (P g n-fe^^g|§y (Pgn — pheno type), &M&COj&)^ G 2D 
3B2I5C37 (non e&j&S&M (none-phenotypeh 6 
?£) <^7MnoV^ (self-pollinati on) tiS^ 

15 18 0^(D^H^-< N 5 IC^bfe. 
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3c5 



PgWCy(%)D P (%) 



L* C* 



G4I5A3I1F4 


34 




66.9 


30.8 ddeeH°H 0 pgpgCyCyDpDp 


64.0 


34.6 


-31.0 


A1C3B1B3I4 


96 


92.1 


7.7 


- ddeeH T H T PgPgCyCyDpDp 


40.6 


56.4 


-4.7 


G2D3B2I5C33 


8 


98.4 


1.6 


ddeeH T H T PgPgCyCyDpDp 


60.6 


29.4 


-4.3 


G2D3B2I5C3A 


1 




100 


- ddeeH T H T pgpgCyCyDpDp 


46.4 


48.2 


-10.7 


I5A2H1I3F12 


13 






100 ddeeH D H D pgpgCyCyDpDp 


25.1 


77.7 


-28.8 


G2D3B2I5C36 


23 


100 




- ddeeH F H F PgPgCyCyDpDp 


86.4 


6.5 


88.3 


G2D3B2T5C37 


5 






- ddeeH F H F pgpgCyCyDpDp 


87.0 


10.7 


114.2 



&5<D£*>\^ ^tl^tKD^m (1 ine s) tiM^t IH— <D&&m& (p i 
5 gment constitution),, fe^Mfc^M ( p i gment — g 
e n o t y p e ) % Tg-fe (flower color) -t?feo^ 0 ft:^ 

M (pigment — genotype) te, Vvf tL&tf^M^&ofc G 4 I 
5A3I1F4H5A21I3F1 2©23R*fcr± % (pigment 

10 constitution) b&fc^M (geno type) #SE5 fcfcMfcfe 
i\ (h, hue angle) li, -3 1. 0£-2 8. 8BtvmUti: 

jttSr^U -tO^feria^fe^lRlOfe-Cfco^:, MC3B1B3 I4iG2D 
3B2I5C3302|i^ *tt#fcofcfcfcBBfc>S>1\ (h, 
hue angle) (-4. 7 £-4. 3&) Sr-¥^ fS^fe^ 

15 £>&T?fcofc 0 Ud>U A1C3B1B3 I 4^$£te N (chroma) 
Sr^-f-C*<D|fi[^G 2D3B2I5C33 SSffiKUfc^ }5#2*£<D 5 6.4 <©H 

—ft, G2D3B2I5C33 ^{«V^-fe<D^T*feofc 0 G 2 D 3 B 2 I 
5 C 3 6 (P g n-feStSD O-fetS^ (h, hue angle) ft, 88. 3| 
20 jtfc&Ift^T?*ofc„ roc*©ftt6. 5ifiV^Sr*U 

£ (chroma) Wfirefcofc,, Ufc^oT, ?6#{J1T^ hisT—lsfe 

m (a n t h o c y a n i n) J&S^frl/CV^fcl^glibbT, ^BrTO:? V—J» 



m mm (miii26) 
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&(Dl£k LXmm&fttio 6M5G2D3B2 I 5C 3 7 J&SfeOfelS^ ft 1 
14. 2^£r J ?-*U MM&Jj\*}<D&~eh<ofr 0 i£DC*©il410. 7 t^^ig. 

5 mmw 6 a 

h/Vn^drg r>(lisianthus) OG2D3 B2I5C31 (Pgn 
CynDp n-feSf^api® (PgnCynDpn — pheno type), f&Sf?-fe 
Oft) , G2D3B2I5C32 (PgnCynDp n-fe^^^M (PgnCy 
nDpn — pheno type), ffcfe<Z>:?£), G2D3B2 I 5C34 (Pgn 

10 CynfeiW (PgnCyn-pheno type), 3Nt&<£>7£), G2D 
3B2I5C35 (PgnfeiW (Pgn-pheno type), Sffcfe 
<D?E), G2D3B2I5C38 (CynDpnfelSI (CynDp n-p 
he no type), &-fe<£>:fe), G2D3B2I5C39 (CynDpnfeil 
(CynDpn — pheno type), f^^-feO^E) , I5A21I3F1 

15 1 (CynDpnfelliS (CynDpn-pheno type), fgfeo 
}£), A1C3B1B3 IMA (PgnCynDpnfegM (PgnCyn 
Dpn-phenotype), gj^lfe £>:/£), A1C3B1B3 1MB (Pgn 
Cynfeliil (PgnCyn-pheno type), ^-feOTE), I 5 A 2 
1 I 3FMA (PgnCynDpnfe^il (PgnCynDpn-phen 

20 otype),i«), I5A2 1I3FMB (CynDpn^if (C 
ynDpn-pheno type), ^-fe<£>:f£), I 5 A 2 1 I 3 FMC (Dpn 
&mmiW. (Dpn-phenotype), m&<DW ©12^i (1 i n e 
s) 2 9 8j@#:K:oV^, &mUj$ (pigment constitutio 
n ) , -fe^aHH-T-M (p i gment — genotype), ^g-fe (flower 

25 coloration) ZM^, -^O/^&r^ 6 }^Ufc 0 
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6 



Pg (%) Cy (%) Dp (%) 



OELab*e»teJ:<5:?66 



G2D3B2I5C31 


32 


26.0 


67.8 


3.9 


ddeeH T H F Pg - CyCyDpDp 


51.8 


37.8 


-18.7 


G2D3B2I5C32 


5 


20.5 


72.5 


2.6 


ddeeH T H F Pg - CyCyDpDp 


78.8 


6.5 


28.6 


G2D3B2I5C34 


9 


34.7 


64.1 


- 


ddeeH T H T Pg - CyCyDpDp 


80.4 


7.8 


55.8 


G2D3B215C35 


4 


100 


- 


- 


ddeeH F H F Pg - CyCyDpDp 


63.3 


23.5 


4.4 


G2D3B2I5C38 


4 


; 


82.3 


15.6 


ddeeH T H F pgpgCyCyDpDp 


84.6 


8.5 


97.5 


G2D3B2I5C39 


7 




79.7 


17.7 


uuccn psps^-'yv^yjLjpjL/p 


04.0 


34.6 


-22.1 


I5A2H1I3F11 


31 




7.6 


90.7 


ddeeH°H D pgpgCyCyDpDp 
tddeeH 0 H°pgpgCyCyDpDp 


25.0 


76.3 


-28.0 


A1C3B1B3IMA 46 


38.2 


67.3 


2.8 


ddeeH T H F Pg - CyCyDpDp 


53.5 


45.4 


-18.4 


A1C3B1B3IMB 46 


88.6 


11.4 




ddeeH T H T Pg - CyCyDpDp 


66.7 


32.5 


-8.0 


I5A2H1I3FMA 


42 


1.3 


11.7 


85.5 


ddeeH T H D Pg - CyCyDpDp 


30.0 


75.2 


-32.0 


I5A2H1I3FMB 










t ddeeH°H x Pg - CyCyDpDp 








43 




8.4 


90.5 


ddeeH T H D pgp g CyCyDpDp 


30.3 


75.2 


-32.5 


I5A2H1I3FMC 










<tddeeH°H X pgp g CyCyDpDp 








39 






100 


ddeeH D H F - - CyCyDpDp 


32.4 


71.6 


-34.0 



10 



15 



G2D3B2I5C31 (PgnCynDpn« **6©:ffi), A1C3 
BIB 3 IMA (PgnCynDpnffl, #^#,0^) <D2Hkm<DTls 

G2D3B2 I 5C32 (PgnCynDpn^II, <D 
Stttt* G2D3B2 I 5C31 N A1C3B1B3 I MASSIF n«fe£*3t 

^fpj©-feSr^Lfc 0 Ud^U ^©C*<Dfit«6. 5 £teVMr?fco 

rtlllC «fcS^»»VNfS^^36*ofcefe©^-efcofe 0 PgnCy n-fe^^M 

«r*t«G2D3B2 I5C34£A1C3B1B3 I MB © 23RttttR-0!> 

G2D3B2I5C34 tt£*B£# 5 5 . 8 AT?«E&^©-fe (rtRTtte-fete: 
3fiV^l/:/i>feo;fe) Sr^cUfc LT, A 1 C 3 B 1 B 3 I MBt*fe*I£j&S 
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8. 0 &(D&&ftfa<D& mmX«tefc&(Dm -Cifcofc. CynDpnfelt 
mmZ^iTZ G2D3B2I5C38iG2D3B2I5C39©2 mffifem 

G2D3B2I5C38 ttfetB^^S 9 7. 5flrcHtfefrr*|©£ l mmx~te& 
5 -fe^jfiVNll-fefZ)^) &^Lfctf>fc*tLT, G2D3B2I5C39 tefeMtfS- 
2 2. 1 SCD^-fe^r (^lBI-ef»-fe<0^) Xhotc 0 H<\ £fcteH D £>m 
*frStft^?*r£tf' I5A2H1I3F11, I5A2H1I3 FMA, I 5 A 2 
HI I 3 FMB N I 5 A2H1 I 3 FMC£>43l$cte x V>i* iH&fefl^- 2 0 

io mmm i 

C y n^^ga^-^-fefv^-fe^ (d dee H T H T p g p g C y C y 

d p d p ^mum^m, *^m) tp s n^,mmm^(D—m^^<D-m ( d d 

e e H F H F P g P g C y C y D p Dp^tM, ft^W.) Pgn 
15 CynDp n&mmmm<D-m£:&mm&(Ol£ ( d d e e H T H F PgpgCyC 
yDpDpfeil^m ^rol) &#fc 0 

CynDp nfeitSI©- fi^fe^&tf^ ( d d e e H°H° p g p g C y 
C y D p D p -fe^jt^Ms ft^M) t P g nfei^I©-lMSfi©^ ( d 
d e eH F H F PgP g CyCyDpDpfe|i^I, P g 

20 n C y n D p n-fem^M©— fi^fe^tp^^O^ ( d d e e H°H F P g p g 
CyCyDpDpfe$itM % ^n^) £r#fc 0 

P g n C y nMiii©-l^gfeO^(d dee H T H T P g P g C y C 

y d p d p ■&mmm?m, ^m.) tp& n^mmMm.(D~n±^^(o^ ( d 

dee H F H F P gPgCyCyDp D p-fe^jf^^, *^S) &£SBU P g 
25 nCynDp nfeitil©- tpRB-fetDTE ( d d e e H T H F P g p 

gCyCyDpDpfeiS^l, ^7ni) 3r#fc 0 

h/Vn^^g >>©G2D3B2 I 5 C 3 6 (PgnfelSil; d d e e H F 
H F PgPgCyCyDpDpfe»m BM^.(DW £G4I5A3I1 
F4 (CynDpnfeliU, ddeeH 0 H°pgp g CyCyDpDpfe| 
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3G4I5H (16mm £#fc 0 Z.<&&m&&Mtti±X* PgnCynDp 

n&mmm (p g 24. 7%, c y 72. 4%, d p 2. 9%) x\ d 

dee H°H F P gpgCyCyDpDp <D&mm.te^mXhofc 0 TE&te 

m&xtefcm&T»&'otc 0 ^tt, -fe^ (h) ^18. 5ara5**-fi#fi© 

fe-Cfcofc, MlL*Itt6 1. 9©ItG4I5A3IlF4^iHi^ 

bfc^oT, G 4 I 5 A 3 I 1 F 4 ^fclte&l/NP g nfe^i|i^G 2 D 3 B 
2 I 5 C 3 e^SrfflV^ ^{CP g n^Sr!!^^-^ G 4 I 5 A 3 

i iF4mn, zvm^&nmvmyYEm-rzz t&x%tz 0 

}>;U=i3?3r3 ^©PgnCynfe|i»Al C 3 B 1 B 3 1%U fe^M. 
IS^ted d e e H T H T P gPgCyCyDpDp) ^CynDpn^ltiS 
I5A2H1I3FII d d e e H°H D pgpgCyCyDp 

Dp) zm^x, jEm&mfczzmxtDftMzm^ ^<D^^m7^vtz. 0 

^(Om^ A1C3B1B3 I^^rtm I 5 A 2 H 1 I 3F^£:fe$&£t 
b bT£gBbfc4§^ A1C3B1B3 IRA^A1C3B1B3 IRB^ 
m*l : l^gSit-C# N -;ftb<£&Si^^£:fcfe&#tf£Lfc 0 A1C3B 
1 B 3 I RA^ittP g n-fe^Sr^t U £.*H^f3-8. 0S^#t, TE-fefi 
^-fe^-fRlO-fe-efoofco &m&7jk'tC*j&tf3 3. 3t? N m^&CD-feX&^fCo 
£fc, A1C3B1B3 IRBMCynfil^^U &fg£te- 1 8. 
9 ^&te#&<^^5;frft<£&T*fcofc 0 ^^^i~C *#C^S 4 7 . 

— ^ I 5 A 2 H 1 I 3 FMM&m^-m, A1C3B1B3I ^i^Wt 
VX$mVtcW&. I 5 A 2 H 1 I 3FAS«7 9flIHfc#^ O&ifAfK?- 
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m7 



■ mm 


Pg(%) Cy(%) Dp(%) B * fik;S L* C* h 


A1C3B1B3I 1 
I5A2H1I3F 1 


95.0 5.0 - ddeeH T H T PgPgCyCyDpDp 
4.0 96.0 ddeeH°H D pgpgCyCyDpDp 


65.2 
24.6 


29.5 
75.7 


-5.3 
-29.4 


A1C3B1B3I (ffl^JI) 


xI5A2HH3F(?E«&S) 








A1C3B1B3IRA 29 
A1C3B1B3IRB 29 


91.6 6.0 2.4 ddeeH T H D PgpgCyCyDpDp 
33.3 64.6 2.1 ddeeH T H°PgpgCyCyDpDp 


65.8 
52.2 


33.3 
47.1 


-8.0 
-18.9 


I5A2HH3F (m?m x aic3bib3i amm> 








I5A2H1I3FAS 79 


03 9.6 89.8 ddeeH^TpgpgCyCyDpDp 

<fcddeeH°H T PgpgCyCyDpDp 


27.4 


76.3 


-30.2 



35 7©»^fc, A1C3B1B3 IJ&fak I 5 A 2 H 1 I 3F»^tfi, 
^9 

h/^^ 3! >(DA4B3F2K2 (F 2 , Al^) s G 2D 3 B 2 I 59A(F 
10 3 ), G4H5G2D3 9A (F 2 ) ©*3RjR*S«[Lfc»***8 Ic^i". A4 
B3F2K2 (F a ) *«5H: % fc*afl5^£!W:**Sh?*> 5 , 7£&tete#3 : 1 
-C#HtLfc. G2D3B2I59A (F 3 ) »«iiG4H5G2D39A (F 2 ) 
^fctt^ £3?iM;^M«£V\ ^-fe^i|bfc 0 Z.<Dt&Mk, A4B3F2K2 (F 

15 
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^8 



Pg(%)Cy(%)Dp(%) 


h 


A4B3F2K2 (F^ O @ ft' (x 2 -&5tffi, 2.564; 28#tt, 0. 109) 








A4B3F2K21 34 100 - . DDeeH^H^pgpgCyCyDpDp 


68.7 


33.6 


-6.2 


A4B3F2K22 18 100 - . DDeeH^H^pgpgCyCyDpDp 


88.8 


7.1 


104.5 


G2D3B2I59A (Fj) © gift (xMfcfe«, 0.961; ®^«t, 0.327) 








G2D3B2I59A1 11 100 - . ddeeH^Fpg - CyCyDpDp 


88.1 


8.1 


98.4 


G2D3B2I59A2 6 - - ddeeH%FpgpgCyCyDpDp 


89.3 


8.6 


105.2 


G4H5G2D39A (F^ ©SJB (x 2 -&£«, 12.18; S^ffi, 0.0005) 
G4H5G2D39A1 10 18.3 75.2 6.5 ddeeHOHOpg . CyCyDpDp 
G4H5G2D39A2 13 - 84.6 16.6 ddeeHOHOpgpgCyCyDpDp 


63.0 
71.8 


39.4 
28.3 


-20.1 
-26.2 



1 0 

AStfE i&#3®> (Dh/^^a *&S3®U All £ — BtfEd* 8 4 ^ : 3 
D/d ttlSKOAfil (double flower) ©Sgzfc^fcBt 

&<5 0 lot, DD^Ddit^M-e^AM^f^tb, d dm.&&m-ete-m. 
(Dmmbtitc a Amma^ (rose) ;^t7ji« (f r 

ill) A«ffi«S*>5 % 3t^fflDr/d»J:r5D f /d-C**L^3jS#fetLfc. 
^m^tj 1 1 

^feffi Cf6#£Ta**6Lfc?E) ^2 2 9W:7 7jB*(3:l) T*#HtUfc 0 
•£<0*&fc* W»©*fi-?S!«: % E/eTVTtrt^5 0 E/e J«fg<7^g$i 
I (e d g e colored) ©Sfcfc^Srft 5, -^tb^tt^tt^/^ttM^^ 
1% SEia^fertte^S^Sr^oTfe, l^-t?feS 0 lot, EEirEeatfc^- 

mmm 1 2 



# a m m («826) 
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fflSrP'**. * 9 tea*-*-* $ fc, #p B o®^^<D7B#fe^ilfe^^Bj 

(ma 1 v i d i n, Mv) t^^^i^s (petunidin, P t) 

C y n ©^H^Hcii^ f;^ 7 > h i/ 7 =^yefc (peon 
i d i n, Pn) Sr^ % C y n ^^tS^lfefi^ tfc. 



^9 



mat/ >fi^«)m^ 



Pg(%)Cy(%) Pn(%) Dp(%) Pt(%) Mv(%) 



5 
7 
8 
17 

3 



54.8 



4.4 
44.8 
20.2 



1.4 
55.2 
25.0 



5.0 
24.9 



18.4 76.6 ddeeH D H D --CyCyDpDp 

21.9 47.4 ddeeH T H D pgpgCyCyDpDp 

- ddeeH T H T pgpgCyCyDpDp 

- ddeeH T H T Pg-CyCyDpDp 

- ddeeH F H F pgpgCyCyDpDp 



15 



1 3 

<7-f S?>- (ma lvidin, Mv) (p e t un i d i n, P 

Cy ntD&mmWmfcfet^MkT^h^T-it^-efoZ^-i?^ (p 
e o n i d i n. Pn) «r^ % C y n *±ffct ^fr. 



20 



JBJ* (WJ26) 
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tl o 

Pg(%) Cy (ft) Pn (ft) Dp (ft) Pt (ft) Mv (ft) »**W*-3» 



%£SAa 15 - 51.1 9.6 13.5 3.3 22.9 ddeeHOHOpgpgCyCyDpDp 

***** 15 - 98.1 1.9 - - . ddeeHTHTpgpgeyCyDpDp 



mmm 1 4 

-fi^ (malvidin, Mv) i^^x^V (petunidin, P t) 
> (peonidin, Pn) 9 , Cyn &&jfrtZ>&£ffi&- 



mi i 

MM ^^^>^^^ ZTZI (CIELab^) 
Pg Cy Pn Dp Pt Mv — 





- 90.3 9.7 - - - ddeeH T H T pgpgCyCyDpDp 54.9 


60.7 


27.5 




- 53.0 10.6 28.5 + 7.9 ddeeH°Hrpg pg CyCyDpDp 74.8 


31.0 


-15.7 




- 87.7 12.3 - - - ddeeH T H T pgp g CyCyDpDp 74.4 


38.2 


-13.0 




*" 100 " - ddeeH T H T pg Pg CyCyDpDp 55.1 


62.0 


18.5 




- 27.0 16.0 12.5 5.7 38.8 ddeeHOHOpgpgCyCyDpDp 54.7 


59.8 


-23.2 




- 68.6 - 31.4 - - ddeeH°H T pgpgCyCyD P Dp 90.8 


4.7 


103.4 



mnm 1 5 
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5 



^h^T^^^fe^^/V^^V (malvidin, Mv) fc^a^S?^ 
(p e t un i d i n, P t) ^t^^^fe > Zfbbte, VNfHt)Dpii^ 

yh*/75i?^fc5^si;y (p e on i d i n, Pn) Sr^ N Cyn& 

*12 



7>H^y >fe^oia^ (%) 

Pg Cy Pn Dp Pt Mv 



(CIELab^fe) 
~L* C* h 



KiAke97MA 8 - 21.9 5.8 27.211.1 33.9 

KiAke97mB 6 - 32.3 - 67.7 - 

KiAke97Ma 12 - 54.9 45.1 - - 

KiAke97mb 3 - 100 - - - 



ddeeH 0 H T pgpgCyCyDpDp 54.4 55.0 2.7 

ddeeH°H T pgpgCyCyDpDp 54.2 54.0 5.7 

ddeeH T H T pgpgCyCyDpDp 57.6 57.8 2.2 

ddeeH T H T pgpgCyCyDpDp 58.9 55.8 17.1 













KiMiy97Ml 33 


- 75.4 24.6 - - 


ddeeH T H T pgpgCyCyDpDp 66.8 


43.4 


9.8 


KiMiy97m2 27 


- 100 - - - 


ddeeH T H T pgpgCyCyDpDp 81.3 


15.5 


12.8 


wtiflw (wfsdx tn m rr/ omm 








KiShu97Ml 22 


- 68.9 31.1 - - 


ddeeH T H T pgpgCyCyDpDp 56.1 


58.7 


17.3 


KiShu97m2 4 


- 100 - - - 


ddeeH T H T pgpgCyCyDpDp 58.1 


56.6 


18.9 


*>wjw m?m x t5K tj : / ±x qam 








KiOom97MA 6 


- 22.2 6.4 20.511.2 39.8 ddeeH°H T pgpgCyCyD P Dp 55.9 


54.8 


-3.5 


KiOom97mB 3 


- 29.9 - 70.1 - 


ddeeH°H T pgpgCyCyDpDp 57.9 


53.6 


-0.8 


KiOom97Ma 7 


- 48.2 51.8 - - 


ddeeH T H T pgpgCyCyDpDp 58.2 


57.6 


6.3 


KiOom97mb 3 


- 100 - - - 


ddeeH T H T pgpgCyCyDpDp 61.3 


53.6 


7.6 


^MTJY (»FgDx 


tvvrjy &t$>mmo 








KiSir97MA 5 


- 27.2 10.0 16.1 10.4 36.3 


ddeeH°H T pgpgCyCyDpDp 56.8 


55:2 


-5.2 


KiSii97mB 4 


- 33.5 - 66.5 - 


ddeeH°H T pgpgCyCyDpDp 57.5 


52.8 


3.5 


KiSir97Ma 4 


- 65.9 34.1 - - 


ddeeH T H T pgpgCyCyDpDp 60.9 


53.8 


7.6 


KiSir97mb 1 


- 100 - - - 


ddeeH T H T pgpgCyCyDpDp 60.2 


54.6 


15.8 



10 



1 6 
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10 



— jUJ^TE (aJ>— X^TVjJn— X; hose— in — hose) (D^K^^y y*? 
ir-m^f-y^SrSaBU Hft^W^-l^ii^ 1 4 44B# : 1 2 3<@ 
W (1 : 1) T?#*Lfc„ ^<DW^, -W£%fttK&Xyy*?&£T*-mm%1& 

mmm 1 7 

mi 3 



Pg(%)Cy(%) Dp(%) 



CIELabg;fe%fc c fc;g>7££ 
L* C* ~ h 



100 
100 
100 
100 
100 
100 



ddeeH T H T pgpgCyCyDpDp 64.0 40.4 -0.7 

ddeeH T H T pgpgCyCyDpDp 58.0 52.3 3.1 

ddeeH T H T pgpgCyCyDpDp 50.3 58.4 11.8 

ddeeH T H T pgpgCyCyDpDp 38.6 59.6 10.5 

ddeeH T H T pgpgCyCyDpDp 42.0 60.0 11.6 

ddeeH T H T pgpgCyCyDpDp 41.2 63.7 13.1 



mmm 1 s 

15 fc„ *<om^ T>hi/T~i?l/ttCyn&mmmm-?h*), D — e e H T H T 
PSPgCyCyDpDp ©-fe^fjUS^S^fcS £ b 

mm 1 9 

20 d e eH D H D p g p g C y C y D p D p ©^H^ItfeS r i iSJ)^5„ 

mmm 2 0 
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^f±^T PgnCy nfeifflffc «3 x D- e e H T H T Pg-CyCyDpD 

mm®i2 1 

9, d d e eH F H F Pg-CyCyDpD P Ofe|lMt^>^S«, 
22 

^m^T^hiyT^^^fiCy n-fe^^S-efet), dde e H T H T p gpg 
CyCyDpDp ©-feSt^^-MT^S £ £ ^^^^ o 
2 3 

&mn± : mte?<Dm.frtt^M J m$:, mi 4^xumi 5^-r 0 nia-zi&mm, 
is (ommtt^u ma-m^mtDmrntt^ir, mi4\^ p g / Pg , c y / 

c y33£U*Dp/d p^^^t^at^^-M^p g P gCyCyDpDptfctt 
PgpgCyCyDpDp ^S£;ft5^<7)Ml^icl?fc V s m 1 5 f± N Pg/ 
P g. Cy/c y:fcJ;OT>p/d p T^tl^atfc^-jfe^ p gpgCyCyDp 
D p T^^^LS^om-a^i-^^fe^o Mfctf, tt^FjS^ PgPgCyCyD 
20 pDptl)!), — o(Dm*f3ta^H°i:t>5-o0^^st^H 0 ^^b, 

^^m^*^H°H°i:^ofcm^«, * i '4*>t> j t<o&%&mm&p g n c y n 
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1 4 







i [try 


fad) 


t& 




(HF) 


(h°) 


H9H° 

PguCynDpn 


H Q H D 

PgnCynDpn 


H°H Z 

PgnCynDpn 


h°ht 

PgnCynDpn 


H°H F 

PgnCynDpn 




PgaCynDpn 


H D H D 

Dpn 


H D H Z 
Dpn 


H°HT 

PgnCynDpn 


H D H F 
Dpn 




H Z H° 

PgnCynDpn 


H Z H D 

Dpn 


H Z H Z 

Dpn 


h z ht 

PgnCynDpn 


H Z H F 

CynDpn 




PgnCynDpn 


H T H D 

P&nCynDpn 


PgnCynDpn 


h Tht 

PgnCyn \ 


H T H F 
PgnCynDpn 


© 


h fho 

PgnCynDpn 


Dpn 


H F H Z 
CynDpn 


HPHT 

PgnCynDpn 


H F H F 

PgTl 



^1 5 



pgpgCyCyDpDp ffljtfs^Jl 




i @ 


© 


© 


© 


© 


© 


h°h° 

CynDpn 


H°H D 

CynDpn 


H°H Z 

CynDpn 


HPHT 

CynDpn 


H°H F 

CynDpn 




H°H° 
CynDpn 


H D H D 

Dpn 


H D H Z 

Dpn 


H°HT 

CynDpn 


H D H F 
Dpn 


(S) 


H Z H° 

CynDpn 


H Z H° 

Dpn 


H Z H 2 
Dpn 


H Z H T 

CynDpn 


H Z H F 
CynDpn 




HTH 0 

CynDpn 


H T H D 

CynDpn. 


HTH Z 
CynDpn 


Cyn 


H T H F 
CynDpn 


© 


HPH 0 

CynDpn 


H F H D 
Dpn 


H F H Z 
CynDpn 


HFht 

CynDpn 


H F H F 
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mrnm 2 4 

&#&^k&mm&=rmk<D*tj&&&ir s ^igsrii6w 0 mm. 

P g n C y n^ilOH T H T P gPgCyCyDpDp <D&m&&=?mk s fi^E 
(none -fe^M) ©H F H F PgpgCyCyDpDp (D&mi&fc+W.k £35iB 
i"S <t % H T H F PgpgCyCyDpDp OfiSjBtfi^B*^ 5 F ^KS^ 



^1 6 

gasgasg fesji^ gj fessmss 

2Son gPsCjCyDpDp ^H^H^gPgCyCyDpDp" 

H°H°FgpgCyCyDpDp H^HPPgpgCyCyDpDp 

HjiDpgPgCyCyDpDp H^gpgCyCvDpDp 

HW'gpgCyCyDpDp HDHZPgPiCyCyD?D5 

H^ZpgPgCyCyDpDp H°H z PgpgCyCyDpDp 

H^ZpgpgCyCyDpDp d™ H°HZpgpgCyCyDpDp 

H^PgPgCyCyDpDp ^ H°H^PgCyCyD?D? 

HWPgpgCyCyDpDp H D H F t 1 gpgCyCyDpDp 

PgnCynDpn H^FpgPgCyCyDpDp H^ F pgpgCyCyDpDp 

H ^SPgCyCyDpDp HZHZPgPgCyCyDpDp 

H^S 8 * 38 ^ 1 ^ HZHZpgpgCyCyDpDp 

HjHjPgpgCyCyDpDp HZHZpgpgCyCvDpDp 

HZHTpgPgCyCyDpDp * * * ^ P 

HZH^gpgCyCyDpDp - 

H°H F pgpgCyCyDpDp HmPPgpgCyCyDpDp 

CynDpn H°H T pgpgCyCyDpDp - 
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